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TECHNICAL NOTE
Improved techniques for acute and chronic cannulation
of renal artery in the rat
JAIME S. CARVALHO
The Department of Medicine, Veterans Administration Medical Center, Division of Biological and Medical Sciences, Brown University,
Providence, Rhode Island
Selective cannulation of the renal artery is necessary for the
performance of certain studies of intrarenal physiology and
pharmacology. For acute studies in the rat, a no. 30 gauge
needle has been introduced into the left renal artery [1, 2] but
problems with needle movements, bleeding, and eventually
thrombosis limit the usefulness of the technique. To minimize
these side-effects, the needle has been replaced by a piece of
stretched polyethylene tubing (PE 10), but its introduction
requires some local tissue dissection and delayed complete
obstruction of renal blood flow. Nevertheless, if the animal was
completely immobilized, the cannula could remain patent for up
to 2 to 3 days [2, 3], thus allowing chronic studies to be
performed.
Over the past 8 years we have been perfecting an access
pathway to the left renal artery via the left common carotid
artery which does not involve local dissection or significant
blood flow obstruction. In the process, cannulas have been
developed that remain patent for at least 4 days in freely moving
animals. We have performed over one hundred successful
cannulations thus far and decided to communicate the tech-
niques as they stand, hoping to stimulate new ideas leading to
further progress in this area.
Methods. For these cannulations we used PE 10 not because
of its better tissue tolerance but because of its better stretching
properties in relation to those of other plastics.
Stretching of PE 10. For softening the tubing a current of hot
air is used, as described by Heatley and Weeks [4]. Air is heated
inside a 25-cm copper tube with an internal diameter of 18 mm,
as shown in Figure 1. Four major factors are involved in the
stretching procedure: (1) air temperature, (2) airflow, (3) length
of tubing to be softened, and (4) pulling force. The optimal
temperature for softening has not been measured accurately
because of heat losses at the end of the copper tube, but it is
around 165° C. The air flow must be gentle. Routinely, we use
the palm of the hand to evaluate both of these variables. For
convenience, the length of the stretched segment is fixed at 30
to 35 cm. This makes the cross-section of this segment a direct
function of the length of tubing allowed to soften. The optimal
stretching temperature is slightly lower than softening tempera-
ture. Therefore, a period of 1 to 2 sec should elapse between
end of softening and beginning of stretching. The stretch
operation is better performed with both hands pulling apart the
softened segment of tubing in a gentle but steady manner. With
tubing temperature declining rapidly during stretching, a gradu-
al increase in pulling force is required. Two cannulas are
obtained from each stretch by cutting the stretched segment in
the middle. At first, breaking of the tubing at onset of stretching
may occur. However, once a successful stretch is achieved, the
technique can be mastered in 30 mm.
Description of cannulas. Two types of cannulas are de-
scribed: (1) small bore, guided, and (2) large bore, unguided, as
shown in Figure 2. Each cannula is composed of two continu-
ous segments of PE 10, a stretched segment (cannula proper)
which remains intravascular and an unstretched segment,
which in chronic studies is brought out to the back of the neck
in the usual fashion. For 250-g rats, the dimensions of these
segments are as indicated in the figure. The length of PE 10 to
be softened for simultaneous construction of two stretched
segments is 1.5 to 2.0 cm for small bore and 6 to 7 cm for large
bore cannulas.
The stretched segment of the small bore cannula (dimensions
at tip: ID 25 p.m, OD 70 m, approximately) fits into the lumen
of unstretched PE 10 which is used as guide. The guide has the
dual function of protecting the cannula from bending during
placement and of carrying it to the descending aorta. Removal
of the guide from the aorta is accomplished through one femoral
artery which becomes cannulated in the process. Using a
MARKette marker (Eberhard Faber, Inc., Crestwood, Wilkes-
Barre, Pennsylvania), black marks are placed at the tips of
guide and cannula atd proximal end of guide to help in locating
them when inside the vasculature. Due to its high flow resist-
ance, the small bore cannula is not suitable for infusion of
concentrated colloidal solutions at high infusion rates. It is,
however, ideal for acute studies, such as those of micropunc-
ture, involving intrarenal infusions of crystalloid substances.
The large bore cannula (dimensions at tip: ID 60 jim, OD 180
p.m, approximately) is sturdy enough to be used without a
guide. The tip dimensions are well below those of a no. 30 gauge
needle (ID 150 jim, OD 300 jim) yet it can deliver high rates of
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Fig. 1. Schematic views of the different steps used for stretching
polyethylene tubing. A Lateral view of Bunsen burner and copper tube
in which flowing air is heated. B and C are front views of the copper
tube opening. In B a predetermined segment of PE 10 is beginning to
melt and in C this segment has been stretched gently to cover the entire
diameter of the tube and allowed to melt completely. D The melted
segment has been stretched and cut in the middle.
colloidal solutions. Although it can be used for acute studies, it
is ideal for chronic studies because a constant infusion of
heparinized saline is not necessarily required to assure luminal
patency, as is the case with the small bore cannula. A 4-0 silk
ligature with long ends is placed at the distal end of the
unstretched segment (Fig. 2) for later fixation of the cannula to
the neck muscles. The lumen is splinted with a piece of metal
hypodermic needle tubing, no. 304, gauge 33 (Hamilton, Whitti-
er, California) before the above ligature is tied up. The cannula
is filled with a 5,000 U/ml solution of heparin and heat-sealed at
the proximal end of the unstretched segment. A black mark is
placed at 11 cm of stretched segment and the cannula cut at this
level.
Cannulation procedures. Because attention to seemingly
minor but actually critical points may make a difference be-
tween success and failure, the techniques are exposed in detail
where required. Basic fundamentals of cannulation techniques
must be found elsewhere.
The cannulas are introduced into the vascular tree through
the left common carotid artery which must be tied off. The
major difficulty in the entire cannulation process is to carry the
cannula without damage through the aortic arch to the descend-
ing aorta. Although some steps are similar to both cannulas,
they differ enough to justify separate descriptions.
(a) Small bore, guided cannula. The cannula is connected to
the infusion pump and filled with 0.9% sodium chloride. The
guide is introduced making sure the proximal end is pushed well
toward the tapered portion of the cannula. If this is done
properly, no bleeding will occur. While in supine position, the
animal is taped by the paws to the heated operating table.
Under a magnifying lens the left carotid artery is isolated and
ligated as distally as possible. It is then pulled toward the right
(Fig. 3) and maintained slightly stretched by taping the ends of
the ligature to the right side of the table. A microclamp is
applied to the vessel as distant from the ligature as possible.
With a no. 22 gauge needle, a hole is made in the wall of the
artery close to the ligature and the black-marked tip of the guide
is introduced with the help of microforceps. Two widely loose
knots of 4-0 silk previously placed around the artery are then
tied with the minimal tightness necessary to stop bleeding
around the tubing. With the artery still stretched, the micro-
clamp is removed and the tip of the guide slowly advanced
toward the aortic arch. When the lesser curvature of the arch is
reached there will be resistance to further entry. The guide is
pulled back and advanced again very slowly. Occasionally,
rapid back and forth movements of small amplitude are helpful
in making the turn. At one point the tip of guide will slide down,
either toward the heart or more likely toward the descending
aorta (Fig. 3). In the latter case, no further resistance to sliding
the cannula down is found until the tip of the guide gets stuck in
one of the femoral arteries. Almost always it can be found on
the right. In this case, almost the entire guide was introduced
into the vasculature.
When the guide goes to the ascending aorta toward the heart,
resistance to introduction is noted at about half the length of
guide. If this happens, the guide must be pulled back to the
carotid artery again and the entire operation restarted until
success is obtained. It may take 5 to 10 mm to accomplish this
step, the difficulty of which varies from animal to animal. If no
success is obtained after three trials, the guide is taken out and a
new one is tried. Its tip may have been bent within the heart,
making the sliding toward the descending aorta virtually impos-
sible without seeing the direction of the bend. The right inguinal
region is exposed and the cannula guide recognized. The
femoral artery is easily located and ligated as distally as
possible in front of the tip of guide. Taping the ends of this
ligature to the table helps in stretching the artery slightly. Two
gently tightened ligatures are applied proximally over the tip of
guide. With the help of a straight scissors a small cut is
performed in the artery wall, now distended with saline. By
pushing the guide down at the level of the neck, the tip is
advanced into the hole and pulled to the outside with a small
forceps. While watching the neck region for signs of bleeding,
the tip of guide is safely pulled by hand until the proximal end of
guide is fully introduced into the vasculature. At this point the
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Fig. 2. Renal artery cannulas: A small bore, guided cannula; B large
bore, unguided cannula. Dimensions given are for 250-g rats. Dashes
are black marks (—).
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at the neck rest over the proximal end of the unstretched
segment beyond the tapered portion of the cannula. A syringe
filled with 0.9% sodium chloride is attached to the outside end
of guide which is finally pulled away from cannula by holding
the extravascular segment of the latter steady.
The guide exit is controlled by the black marks in its proximal
end (Fig. 2). The black mark I assists in its complete removal
and the black mark 2 assures cannulation of the lower abdomi-
nal aorta. In any case, the ligatures in the femoral artery are tied
up and the wound closed. At this point, the stretched segment
of the cannula is nicely extended along the abdominal aorta with
its tip well below the left renal artery. Before the actual renal
artery cannulation is attempted, the cannula is pushed back
from the carotid artery until the beginning of the stretched
segment is outside the vessel. During this maneuver, the loose
knots on the carotid artery are adjusted first to the tapered
portion and then to the stretched segment. They should allow
easy sliding of the stretched segment without bleeding. Any
stretch on the carotid artery should now be released and the
extravascular segment of the cannula taped onto the table to
avoid accidental displacement. A 4-cm midupper abdominal
incision is made, the stomach and bowel are pushed to the right,
and the left renal pedicle is exposed. While holding the bowel,
two fingers of the left hand are used to push down the renal vein
and gently stretch the posterior peritoneum at a point just to the
right of the suprarenal vein. With a fine forceps, a 2- to 3-mm
opening is made on the posterior peritoneum to expose the
aorta and the ostium of left renal artery. The cannula tip is
identified inside the aorta by gently pulling out the cannula,
little by little, at the level of the neck until the black tip shows
up in the region.
If an assistant is available to move the cannula at the level of
the neck, the tip is placed 1 to 2 mm above the upper border of
the left renal artery ostium. With the assistant pushing the
cannula down, little by little, on command, the tip is directed
toward the renal artery ostium by pressing on the lateral wall of
the aorta with a finger. If only one person is performing the
procedure, the cannula tip is placed 1 mm below the lower
border of left renal artery ostium. A small forceps is introduced
in the angle between the aorta and upper border of renal artery,
taking care not to damage nervous or lymphatic structures. The
aorta is pushed gently down by pressing on the renal artery with
the forceps and at the same time the cannula tip is directed
A
Fig. 4. Steps in the one-man procedure of cannula insertion into the left
renal artery. A The tip is placed about 1 mm below the lower border of
renal artery ostium. B The left index finger pushes the cannula tip
toward the renal artery ostium and at the same time a forceps pushes
the aorta down by gently pressing on the renal artery. C The cannula is
pushed down at the level of the neck until its tip lies 2 to 3 mm inside the
renal artery.
toward the renal artery ostium by pushing it with the left index
finger. When the downward force is relieved gradually, the tip
will slide into the renal artery (Fig. 4). This maneuver takes only
a few seconds to perform during which time renal blood flow is
partially or totally interrupted.
The cannula is then pushed down slightly at the neck so that
the tip enters into the renal artery at a distance of 2 to 3 mm
(Fig. 4). If the cannula tip is introduced too deeply, signs of
renal ischemia may occur. For acute experiments with the
animal stretched on the table, no further adjustment of the tip
position is needed, and the ligatures at the neck can be
tightened more securely with two knots and the wound closed.
For chronic cannulations, however, the tapes holding the paws
to the table must be removed and the body allowed to relax
fully. Unstretching the body will make the tip of the cannula go
down farther into the renal artery. The kidney surface is
inspected for signs of ischemia. If they are present, or if the tip
is more than 5 mm inside the renal artery, the cannula is pulled
back to previous position before the ligatures are tied at the
neck. These fine adjustments require a good deal of control but
greatly decrease the incidence of infarctions. Although it is not
absolutely necessary, the posterior peritoneum is closed with
two stitches of 9-0 silk. The bowel is repositioned gently and the
abdominal wound closed. At the level of the neck the cannula is
attached securely by a prior ligature (demonstrated in the large
bore cannula in Fig. 2) to a ring of 2-0 silk placed around the left
sternomastoideus muscle, and the proximal end of the cannula
is brought to the back of the neck and protected according to
standard procedures.
(b) Large bore, unguided cannula. Once the guide is pulled
out from the small bore cannula, the latter is known to lie along
the abdominal aorta before being directly seen through the
abdominal incision. The same certainty of position cannot be
achieved with the use of the unguided cannula. Some changes in
the basic cannulation technique are therefore required.
The left common carotid artery is isolated, ligated, and pulled
toward the right as described previously. The midupper abdom-
inal incision is now performed. The cannula is filled previously
A
Fig. 3. Schematic representation of the aortic arch passageway: A,
wrong way; B, correct way.
B C
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with heparin solution, sealed, and marked at the tip. The latter
is introduced into the carotid artery and two loose ligatures are
placed around the cannulated artery. The cannula is slowly
pushed down with the help of a padded microforceps. Due to its
flexibility, the turn at the level of the aortic arch usually goes
unnoticed. After introduction of about three quarters of the
total length of the stretched segment, the aorta is exposed at the
level of the left renal artery, as described previously. From this
point on, the tip descent is carefully undertaken under direct
aortic visualization to avoid accidental uncontrolled cannula-
tion of the renal artery with induction of ischemia. If after full
introduction the black tip is not seen in the aorta, the cannula
may have gone toward the ascending aorta or, very seldom, to
other more proximal branches of the descending aorta. The
cannula is pulled back at the neck until the black mark of the tip
is in front of the more distal ligature. If the cannula went to the
ascending aorta, it will have the molded curvature from the
pathway to the heart. The concavity of this curvature is turned
to the left and the cannula introduced again. It will go to the
descending aorta immediately. If no curvature is seen and the
tip does not appear to be bent, the cannula is re-introduced,
making sure the carotid artery is pushed well to the right. If no
success is obtained after three trials, the cannula is removed
and a new one is tried. The actual cannulation of the renal
artery is similar to that described for the small bore cannula.
Due to its bigger size, the tip should not be allowed to enter into
the renal artery by more than 4 mm from the ostium. For
chronic cannulation this distance should be evaluated with the
common carotid artery unstretched and the animal untaped
from the operating table. Placement of the unguided cannula
may at first prove to be difficult for beginners in these tech-
niques, but it is actually easier and considerably quicker than
that of the guided cannula.
Discussion. Since the description of a technique for chronic
cannulation of the left renal artery of dogs by Rudolph, Rokaw,
and Barger in 1956 [5], attempts have been made to apply it to
rats [2, 31. A flank approach to the left kidney has been used and
the cannula directly introduced through a hole made in the renal
artery wall. A very short length of PE 10, stretched to an
outside diameter of approximately 200 p.m, formed the intravas-
cular portion of the cannula. Although it was shown that the
presence of a PE 10 piece of such small dimensions in the
proximal end of the renal artery did not affect kidney function
appreciably [2, 3], several problems have greatly limited the
usefulness of the technique. First of all, the technique involves
some dissection of the periaortic region around the take off of
the renal artery with possible damage to nervous and lymphatic
trunks. Secondly, it requires delayed complete obstruction of
renal blood flow during cannula insertion which could affect
short-term results in some experimental settings. Thirdly, be-
cause of the oblique direction of cannula tip in relation to the
renal artery axis and lack of good fixation to vessel wall,
damage to vascular endothelium with thrombosis will eventual-
ly occur within 48 to 72 hr despite restraining the animal and
maintaining a constant infusion of heparinized saline.
The techniques described here obviate most of these prob-
lems. The cannula tip is of smaller dimensions, particularly that
of the guided cannula, which minimizes endothelial damage.
One of the drawbacks of the technique is the sacrifice of one
carotid artery. However, because of the well-developed verte-
bral circulation in the rat, ligation of one common carotid does
not appreciably impair cerebral blood flow. The use of the right
femoral artery as a port of exit for the guide of the small bore
cannula is more of an advantage than a drawback because it
facilitates cannulation of this artery, which is often necessary
for acute studies.
The development of the large bore cannula came from our
interest in the study of the mechanisms whereby an increase in
renal artery oncotic pressure leads to the release of renin. The
cannula allowed us to deliver I ml of a 30% solution of bovine
serum albumin in a period of 4 mm to unrestrained, conscious
rats, 3 to 4 days after cannulation. The study, already published
in abstract form [6], involved a total of 36 animals, most of them
subject to right nephrectomy. Basal levels in plasma of renin,
urea nitrogen, and creatinine immediately before the experi-
ments were similar to those of two-kidney rats without a renal
artery cannula. In two out of 36 animals the cannula was found
in the aorta. Small infarctions were found incidentally in 20% of
the animals. Low-dose heparinization prior to renal artery
cannulation did not decrease their incidence. These microin-
farctions did not appear to be related to the cannula tip position
in the renal artery. Possibly, they are caused by microemboli
from thrombi in renal artery intima formed as a result of injury
[7, 8] or from thrombi in cannula tip, formed as a result of
polyethylene activation of coagulation [9]. Whether they can be
decreased or abolished by a constant infusion of heparin must
be evaluated further. In sealed cannulas allowed to stay for 3 to
4 days, complete occlusion of tip lumen was found in less than
10% of all cannulations performed. No renal artery thromboses
were ever encountered. Cannulation failures were infrequent
and almost always related to rushing the procedure. The
average time for renal artery cannulation was 15 mm and for the
entire operative procedure about 1 hr. The surgical technique
described here is easy, reliable, and does not require a constant
infusion of heparinized saline to maintain lumen patency of the
large bore cannula, if used only once. The technical principles
can be adapted easily for cannulation of almost any first or
second branch of the abdominal aorta.
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